We have investigated the effects of copper-zinc type superoxide dismutase (Cu, Zn-SOD) on the function of oxidized low density lipoprotein, utilizing cultured smooth muscle cells (SMC), obtained from rabbit aorta. We added native LDL (nLDL), minimally oxidized LDL (MmLDL) and copper ion-induced oxidized LDL (OxLDL) to the culture media. No remarkable change was found out by adding nLDL. The numbers of SMC, including migrated SMC, were increased by the addition of MmLDL. Cu, Zn-SOD significantly inhibited the reactions induced by MmLDL. The SMC numbers were markedly decreased by OxLDL addition without recovery by adding Cu, Zn-SOD. Thus, MmLDL significantly promoted the SMC proliferation and migration.
Introduction
The early stages of atherosclerosis are widely recognized or characterized by the aggregation of lipid-laden foam cells, derived from macrophage, as concluded from the observation of atherosclerotic lesion in youth (1). The oxidatively modified low density lipoprotein (LDL) is taken up by the macrophage via a scavenger receptor much more readily than native LDL (2-4). Thus this oxidized LDL (OxLDL) formation has been established as playing a crucial role against atherosclerosis.
Also OxLDL augments many other steps of the development of atherosclerosis such as cell growth or cytotoxicity, evoking immune response and induction of adhesion molecules other than foam cell formation (5-8). In addition, OxLDL causes the contraction of pig coronary artery (9). In immunohistochemical studies, the localization of OxLDL has been demonstrated in the atherosclerosis, both intracellular and intercellular spaces (10, 11) .
It is known that OxLDL results mainly from free radicalmediated lipid peroxidation (12). The free radical generation is promoted in atheroclerosis (13). These radicals can induce endothelial cell injuries and reduce the production of nitric oxide (NO) (14, 15) . Meanwhile, superoxide dismutase (SOD), catalase and glutathione peroxidase are the antioxidant enzymes which counteract the free radicals. Boccio et al. (16) have reported the observation of a significant rise of SOD activity in the serum of rabbits eating a hyperlipidemic diet. According to Sharma et al. (17) , rapidly induced hyperlipidemia caused the broader distribution of SOD in rabbit atherosclerosis.
Two forms of SOD have been established, copper-zinc type (Cu, Zn-SOD) which has been investigated in relation to atherosclerosis (18), and manganese type (Mn-SOD).
The aim of our investigation was to examine whether SOD can suppress the function of OxLDL in cell culture. Recent studies revealed that minimally oxidized LDL (MmLDL) produces many significant response and is as important as metal-ion induced OxLDL in the progress of atherosclerosis (5, 6, 19, 20) . We utilized two different forms of oxidation.
In this investigation, we focused on the proliferation and migration of vascular smooth muscle cells (SMC), and cytotoxicity to SMC, all very important for the process of atherosclerosis. 
Results
Oxidation of LDL Cu, Zn-SOD showed the tendency to decrease TBARS production without significant difference (Table 1) . Lag time tended to be prolonged by Cu, Zn-SOD addition, but with no significant difference (Fig. 1) .
SMC proliferation or cytotoxicity
Compared with the nLDL group, the percentage of cell numbers in the MmLDL group was significantly increased. And the MmLDL+Cu, Zn-SOD group showed lower percentage of cell numbers than the MmLDL group (Fig. 2) . (Fig. 3) . This led to the strong cytotoxitic effect of OxLDL explained by a marked reduction with SMC number. Cu, Zn-SOD did not inhibit this cytotoxicity.
SMC migration
The MmLDL group showed a higher percentage of migrated SMC number than the nLDL group. And MmLDL+Cu, Zn-SOD group exhibited a lower percentage of migrate SMC number than MmLDL group (Fig. 4) . This suggests that Cu, Zn-SOD significantly inhibits this promotion of migration led by MmLDL.
Microscopic study of cultured SMC
The cultured cells are characterized by spindle-shape, hill-valley growth pattern and HHF35 immunoreactivity, compatible with SMC (Fig. 5) not protective against copper-induced extensive LDL oxidation, led by TBARS or lag time value. Our investigation suggests Cu, Zn-SOD displays a competitive effect against MmLDL. Cu, Zn-SOD seems to have the ability to block not only oxidation, but other functions of OxLDL, such as cell proliferation or cytotoxicity (22, 23) .
Immunohistochemical study revealed that Cu, Zn-SOD was detected in hepatocyte, tubular epithelial cells of kidney and erythrocyte (24). Then we assumed that Cu, Zn-SOD has been produced at these sites and reaches the intimal layer. Extracellular SOD, which is localized underneath the endothelial layer, has been pointed out as the important factor for protection against peripheral leukocyte or monocyte adhesion (25). The structure of extracellular SOD is similar to that of Cu, Zn-SOD, therefore it can not be ruled out that some part of Cu, Zn-SOD distribution is actually EcSOD. Cu, Zn-SOD deposits are found in both macrophage-derived foam cells and extracellular matrix (17). This finding may be explained as the production of Cu, Zn-SOD in the macrophages to battle against free radicals (17, 26) . Both the cytotoxic ability and SMC proliferation of copper induced OxLDL have been published (8, 27) . The dominating reaction depends on the metal ion concentration or the duration of oxidation. This cytotoxicity probably leads to the necrotic core formation in the atherosclerosis.
OxLDL is also able to promote the apoptosis expression of SMC (28, 29) . MmLDL contributes to the atherosclerotic process in the adhesion of molecules and tissue factor expression on the endothelium (19, 20) . Lysophosphatidylcholine (LPC), contained in MmLDL, took an essential role in the functions of MmLDL (23, 30) . Further investigation is necessary, concerning the influence of LPC to the results of this study.
Concerning to the bilogical difference between the nLDL and MmLDL, MmLDL has been reported to contain more cholesterol epoxide than fresh LDL (5). In this study, there was no significant difference on the TBARS value, indicating the binding of reactive residues of apoprotein to lipid peroxidation products like malondialdehyde (31), between nLDL and MmLDL. Thus it is possibly suggested this cholesterol oxidation is a main biological alteration of MmLDL formation.
Many SMC are detected in aortic atherosclerosis in youth, and most SMC are synthetic type SMC (32, 33). The SMC migration is evoked by the secretion of many kinds of growth factor from synthetic SMC. Although we did not study the detailed phenotypic change of SMC by MmLDL, this phenotypic modulation should be significant for initiation of SMC migration.
TBARS value and the lag time to CD formation were utilized for the measurement of LDL oxidation by copper ion. However, it has been disclosed that these methods might have had nonspecific reaction.
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